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The Ramsauer model for the total cross sections of neutron nucleus scattering
R. S. Gowda+, S. S. V. Suryanarayana†∗ and S. Ganesan+
† Nuclear Physics Division, + Reactor Physics Design Division,
Bhabha Atomic Research Centre, Trombay, Mumbai 400 085, India
(Dated: June 29, 2018)
Theoretical study of systematics of neutron scattering cross sections on various materials for
neutron energies up to several hundred MeV are of practical importance. In this paper, we analysed
the experimental neutron scattering total cross sections from 20MeV to 550MeV using Ramsauer
model for nuclei ranging from Be to Pb.
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In recent times world over, there is a renewed interest
in the neutron nucleus scattering data. This is owing to
a new concept of controlled nuclear energy source called
the accelerator driven sub-critical (ADS) system [1, 2]. In
this ADS system, neutrons are produced by bombarding
a heavy element target with a high energy proton beam
of typically above 1.0GeV with a current of > 10mA [1].
The sub-critical reactor is driven critical by spallation
neutrons produced by proton beam on typically a molten
lead target. Such accelerator driven systems can also be
used for waste incineration of the long lived radio active
waste produced in reactors based on thermal neutron in-
duced fission. Reactor physics calculations of these ADS
type of systems require neutron-nucleus scattering cross
sections up to 500 MeV neutron energy. Unlike the neu-
tron energy spectrum from a thermal neutron fission, the
spallation neutron energies reach up to several hundred
MeV. Therefore, it is currently very important to study
the systematics of neutron scattering cross sections on
various nuclei for neutron energies up to several hundred
MeV. In the present work, we performed an empirical
study of the energy dependence of total cross sections
(σtot) of the neutron-nucleus (n-N) scattering. It is well
known that the total cross sections are explained by the
nuclear Ramsauer model. The Ramsauer model was first
proposed by Lawson [3] in the year 1953 to phenomeno-
logically explain the energy dependence of total cross sec-
tions of neutron nucleus scattering. In order to have in-
sight of the working of this model, it is necessary to un-
derstand the optical model (OM) description of neutron
scattering. In the OM approach, complex optical model
potentials (OMP) are used and the Schrodinger’s equa-
tion is solved to obtain the scattering amplitude. The
real part of the OMP describes the scattering and the
imaginary part results in attenuation or absorption of the
incident wave. The reaction cross section is given by the
absorption of the neutron flux. The scattering calcula-
tions are performed using partial wave expansion method
and the phase shifts (ηℓ = αℓe
iβℓ) are determined. These
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complex phase sifts are strongly angular momentum and
energy dependent for a given set of potentials. In terms
of the phase shifts and the wave number (λ = ~/
√
2mE),
the total cross sections are given below.
σtot = 2πλ
2
∑
ℓ
(2ℓ+ 1) [1−ℜηℓ] (1)
Extensive study of the optical model fits of scattering
cross sections on various nuclei over wide energy range
have been made by several groups. This is owing to
the excellent data base of neutron total cross sections
available in the energy range up to 600 MeV [4, 5, 6].
The most recent work by Koning and Delaroche (KD)
[7] presents a very exhaustive search for OMP parameters
that fit the data very well up to 200 MeV. Alternatively,
the nuclear Ramsauer model [3] provides a simple means
to parameterise the energy dependence of neutron nu-
cleus total scattering cross sections. This model assumes
that the scattering phase shifts are independent of an-
gular momentum (ℓ) as given in Eq.(2) (η = αeiβ) , in
contrast to the predictions of the optical model given in
Eq.(1). Further, it was proposed that the ℓ-independent
phase shift varies slowly with energy. This model was
successfully applied for neutron scattering from various
nuclei by Peterson [8, 9]. There were some attempts
[10, 11, 12, 13] (see references therein) to put this Ram-
sauer model on a sound theoretical basis. The neutron
total cross sections have thus been well studied using this
model, over a wide range of nuclear masses as well as neu-
tron energies up to 500 MeV [12, 13, 14, 15, 16, 17, 18].
Deb et. al., [19] have achieved simple functional forms for
the total cross sections by parameterising the maximum
partial wave (ℓ0 = ℓmax) values.
In our earlier work [20], we presented the Ramsauer
model analysis of the results of optical model code
SCAT2 [21] using KD potentials. In the present work,
we performed the Ramsauer model analysis of the exper-
imental data of neutron total cross sections for heavy and
light nuclei by using Eq.(2). The quantities R(fm), α, β
are functions of atomic mass number (A) and the center
2of mass energy (E).
σtot = 2π (R+ λ)
2 (1− α cosβ) (2)
β = βxA
1
3 (
√
E + V −
√
E) (3)
V = VA + VE
√
E
VA = V0 + V1(N − Z)/A+ V2/A
α = α0 + αA
√
E
αA = α1 ln(A) + α2/ ln(A)
R = r0A
1
3 + rA
√
E + r2
rA = r10 ln(A) + r11/ ln(A)
r0 = 1.42988, r10 = −0.02298, r11 = 0.10268 (4)
r2 = 0.23216, V0 = 46.51099, V1 = 6.73833
V2 = −117.52082, VE = −3.21817, βx = 0.5928
α0 = 0.02868, α1 = −0.00274, α2 = 0.13211
Figure 1 shows the Ramsauer model fits (solid lines) for
σtot cross sections using Eqs.(2),(3),(4) and the symbols
represent the experimental data. The fits are obtained
with total of twelve free parameters as given in Eq.(4),
over wide mass range of 24Mg to 208Pb. In Fig.2, we
show the Ramsauer model fits for light nuclei from 9Be
to 24Mg. These fits cover the neutron energy region
(Ecm) of 20-550 MeV. Similar Ramsauer model fits to to-
tal cross sections were already shown by various groups
[13, 16, 19] (see the references therein). As shown in
Figs. (1,2), the functional dependence on energy and
mass given in Eqs.(2),(3) with twelve global parameters
was able to reproduce the experimental data very well.
As shown in Fig. 2, the parameters are same as those
for heavy systems, except for the radius parameter. The
radius parameter for scattering from light nuclei turns
out to be rather larger than for heavy nuclei. In some
cases of neutron nucleus scattering, the radius parame-
ter (only r0) has to be specially adjusted to achieve best
fits. These cases did not obey the Ramsauer model sys-
tematics for either light or heavy nuclei. In case of 27Al,
232Th and 238U, the adjusted radius parameters (in fm)
are respectively, r0= 1.3892(Al), 1.4488(Th), 1.44641(U).
These values are comparable to the general systematics
of r0 values for heavy nuclei (1.42988fm) and for light
nuclei (1.53091fm).
In conclusion, we performed the Ramsauer model param-
eterization of experimental neutron total scattering cross
sections from light and heavy nuclei. The parameters
have been found to be same for light and heavy nuclei,
except for the radius parameters. We could reproduce
the experimental neutron total cross sections by using
twelve parameters in the energy range of 20MeV to
550 MeV. We proposed a new functional form for
energy dependence and atomic mass dependence of the
Ramsauer model parameters.
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FIG. 1: Ramsauer model fits (solid lines) to experimental neu-
tron total cross sections (symbols) versus Elab, using Eq.(2).
The twelve parameters required are mentioned in Eq.(4). The
fits are for heavy nuclei as shown by the figure labels.
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FIG. 2: Ramsauer model fits (solid lines) to light nuclei, sim-
ilar to Fig. 1. The twelve parameters required are same as
in Fig. 1, except that the radius parameters for light systems
are different as mentioned on figure.
